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Sampling device for a microreaction system 

The invention relates to a sampling device for a micro- 
reaction system having an exit aperture for substances 
involved in the reaction. 

Constant development and progressive miniaturisation of 
microreactors and microreaction systems have now enab- 
led chemical reactions to be carried out with minimal 
use of reagents. In particular when carrying out a 
large number of test reactions and analyses, the use of 
miniaturised microreaction systems enables effort and 
costs to be saved, both with respect to the substance 
quantities necessary and also the reaction durations 
required. In addition, the thermal process control is 
simplified by the reduced mass flows, and safety when 
carrying out the chemical reactions may be considerably 
increased. 

It is frequently necessary here to take small sample 
quantities from a continuously operated microreaction 
system without hindering or stopping the flow of the 
reagents through the microreaction system or a running 
chemical reaction. To this end, it is usual to provide 
an exit aperture which is arranged at a suitable point 
within the microreaction system and can be controlled 
via a valve. Depending on the design of the exit aper- 
ture and of the valve controlling this exit aperture, 
cavities are formed which are connected to the micro- 
reaction system and in which the chemical reaction pro- 
ceeding in the microreaction system does not proceed or 
only proceeds under different, usually uncontrollable 
conditions. The presence of such cavities, which are 
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referred to as dead spaces, may have an adverse effect 
on the chemical reaction in the microreact ion system 
and may additionally reduce the validity of an evalua- 
tion in which the sample quantity taken was taken 
exclusively or partly from a dead space existing in the 
region of the exit aperture. 

In addition, the use of valves requires complex rinsing 
operations in order carefully to clean the microreac- 
tion system, including the valve connected thereto, 
after completion of one microreaction and before com- 
mencement of a subsequent microreaction in order to 
prevent contamination of the subsequent microreaction. 
Leakproof sealing of an exit aperture by means of a 
valve can likewise only be ensured with considerable 
design complexity. 

The object of the invention is accordingly to design a 
sampling device in such a way that samples can be taken 
reliably from a microreaction system, while dead spaces 
in the region of the exit aperture for sampling are 
avoided as far as possible and thus impairment of the 
chemical reaction proceeding in the microreaction sys- 
tem is reduced. 

This object is achieved in accordance with the inven- 
tion in that an aperture a suction line is arranged 
laterally alongside the exit aperture, where a reduced 
pressure can be generated in the suction line for aspi- 
ration of the substances exiting from the exit aper- 
ture. The exit aperture is used here either as exit of 
the microreaction system for complete exit of the sub- 
stances involved in the chemical reaction or designed 
to be sufficiently small at a suitable point within the 
microreaction system so that a substance quantity exit- 
ing continuously at this point does not significantly 
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impair the reaction proceeding in the microreaction 
system. There is thus no necessity to arrange a valve 
between the exit aperture and the microreaction system 
connected thereto, meaning that practicable designs are 
feasible which manage with only a minimal dead space in 
the region of the exit aperture, or even none at all. 

Whether the substance quantity exiting from the exit 
aperture at a particular point in time is not used fur- 
ther or alternatively is sent as sample for further 
evaluation can be controlled by means of the suction 
line arranged immediately alongside the exit aperture. 
If an adequate reduced pressure prevails in the suction 
line, the substance quantity exiting from the exit 
aperture at a particular point in time is sucked into 
the suction line. Without a reduced pressure in the 
suction line, the substance quantity exiting from the 
exit aperture falls past the suction line without being 
affected and can be collected below the suction line. 
Depending on a preferred design or the mixing ratio of 
substance not used further to substance used as sample 
for further evaluation, either the substance quantity 
aspirated in the suction line or the substance quantity 
below the suction line falling past the latter can be 
sent for further use. 

It is preferably provided here that a housing having an 
outlet aperture for substances exiting from the exit 
aperture and having a passage aperture for the suction 
line is arranged around the exit aperture. The housing 
firstly protects the region around the exit aperture 
against undesired uncontrollable environmental influ- 
ences and secondly allows precise and reproducible 
arrangement of the suction line relative to the exit 
aperture by simple means. The closer the aperture of 
the suction line can be arranged relative to the exit 
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aperture without exiting substances coming into direct 
contact with the suction line, the lower the minimum 
reduced pressure required within the suction line in 
order to ensure complete aspiration of the substance 
quantity exiting from the exit aperture. 

According to one embodiment of the inventive idea, it 
is provided that the arrangement of the aperture of the 
suction line relative to the exit aperture can be modi- 
fied. In this way, at a prespecified reduced pressure 
in the suction line, the suction effect this causes in 
the region of the exit aperture can be adjusted in 
order to take into account potentially different prop- 
erties of the substances used and reaction products, 
for example different viscosities or volatilities. 

According to an embodiment of the inventive idea, it is 
provided that the suction line runs into a collecting 
vessel, which is connected via a valve to a vacuum 
line. Thus, for example in the case of a continuous 
reduced pressure, the microreaction system can be com- 
pletely emptied via the exit aperture, with the sub- 
stance quantities exiting being rinsed into the col- 
lecting vessel via the suction lines. After complete 
emptying of the microreaction system, if necessary with 
subsequent rinsing with cleaning agents, all substances 
involved in the reaction are located in the collecting 
vessel, for example a commercially available wash bot- 
tle. This collecting vessel can simply be separated and 
removed from the sampling device in order to facilitate 
disposal or further use of the reaction products. 

The reduced pressure in the collecting vessel and the 
suction line running into the collecting vessel can be 
controlled in a simple manner via the valve arranged in 
the vacuum line to the collecting vessel. The vacuum 
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line leads either directly to a vacuum pump or is part 
of a vacuum system having a multiplicity of connec- 
tions, as installed, in particular, in larger chemical 
laboratories. The collecting vessel and the suction 
line have a sufficiently small internal volume in order 
to be able to build up or compensate for a sufficient 
reduced pressure for aspiration with the minimum of 
delay, depending on the valve control. 

In this advantageous mode of operation of continuous 
aspiration of the substance quantities exiting from the 
exit aperture, a sample can be taken at any desired 
point in time by interrupting the suction operation by 
brief closure of the valve, and the substance quantity 
exiting from the exit aperture falls past the suction 
line into a sample container arranged below the exit 
aperture. The sample quantity to be taken can be speci- 
fied via the time within which no aspiration of the 
exiting substances occurs. 

It is preferably provided that the exit aperture is 
designed in the form of a capillary. A capillary faci- 
litates firstly accurate metering even of small sub- 
stance quantities during exit from the microreact ion 
system and secondly substantially prevents the reac- 
tions proceeding in the microreaction system from being 
influenced by the varying pressure conditions in the 
immediate vicinity of the exit aperture. The internal 
diameter of the capillary here is advantageously se- 
lected to be sufficiently small in order to ensure 
complete aspiration of the exiting substance quantities 
and on the other hand are selected to be sufficiently 
large in order to avoid putting continuous exit of the 
substances at risk due to a greatly increasing differ- 
ential pressure in the capillary. By means of a suit- 
able capillary, it can be ensured, in particular, that 
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the substance exits from the exit aperture in a fine, 
free jet. 

It is advantageously provided that the sampling device 
is heatable in the region of the exit aperture. It has 
been found that ice formation can occur at the exit 
aperture on use of readily volatile solvents, such as, 
for example, dichloromethane or ether, owing to the en- 
thalpy of evaporation of the solvent. This undesired 
impairment during operation can readily be avoided by 
warming the sampling device in the region of the exit 
aperture . 

According to an embodiment of the inventive idea, it is 
provided that an electric heating device or heat coup- 
ling is provided for the heating. An electric heating 
device in the form of a controllable heating wire can 
advantageously be matched to the design of the exit 
aperture, for example in the form of a capillary, by 
simple means. 

According to an embodiment of the inventive idea, it is 
provided that a protective-gas atmosphere which dis- 
places the atmospheric moisture can be generated and 
maintained in the region of the exit aperture. The pro- 
tective-gas atmosphere can be used instead of or in 
addition to a heating device in order to prevent unde- 
sired ice formation at a cooling exit aperture. In 
addition, it is possible by means of a protective-gas 
atmosphere substantially to prevent contamination of 
the substances exiting from the exit aperture. 

It is advantageously provided that an aperture of a 
compressed-air line is arranged laterally alongside the 
exit aperture opposite the aperture of the exhaust -air 
line, where an excess pressure of a gas can be genera- 
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ted in the compressed-air line in order to blow the 
substances exiting from the exit aperture in the direc- 
tion of the aperture of the suction line by means of 
the gas flowing out through the aperture of the com- 
pressed-air line. In this way, the exiting substances 
can be blown, in support of the suction operation, in 
the direction of the aperture of the suction line by 
the gas exiting with excess pressure, guaranteeing com- 
plete and reliable aspiration of all exiting sub- 
stances, even under unfavourable conditions or with 
comparatively low pressure differences from the ambient 
pressure in the exhaust-air line or compressed-air 
line . 

According to an embodiment of the inventive idea, it is 
provided that the gas used is a chemically substanti- 
ally inactive protective gas. Undesired reactions of 
the gas flowing out with the substances sucked together 
into the suction line are thus avoided. On use of a 
protective gas, a protective-gas atmosphere generated 
in the region of the exit aperture of the substances 
can also be maintained undisturbed. 

Given a corresponding design of the suction system, the 
substance can be blown from the capillary into the col- 
lection tube without a vacuum, only through the pres- 
sure of the air or inert gas . 

It is preferably provided that the sampling device can 
be made substantially or completely of chemically 
resistant materials. 

A working example of the invention is described in 
greater detail below and depicted in the drawing. 
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The sampling device 1 depicted in the figure is connec- 
ted via a tube 2 to a microreact ion system 3. When the 
reaction is complete, the entire microreact ion system 3 
is completely emptied via the sampling device 1. The 
exit aperture 4 is designed in the form of a capillary. 
The tube 2 is detachably connected via a connection 
piece 5 to the exit aperture 4 in the form of a capil- 
lary. In this way, a plurality of microreaction systems 
3 with different sampling devices 1 can be used in any 
desired combination, so that, for example, sampling 
devices 1 assigned depending on the substances used can 
be combined with a microreaction systems 3 which is 
suitable for particular applications, or a microreac- 
tion system 3 to be cleaned or a sampling device 1 to 
be cleaned can simply be exchanged in order to ensure 
the most continuous operation possible. 

The exit aperture 4 designed in the form of a capillary 
is arranged movably in the interior of a sleeve-shaped 
housing 6. Both the connection piece 5 of the tube 2 
and also the exit aperture 4 in capillary form are 
secured in a housing lid 7, which engages with the 
housing 6 via a screw thread and thus facilitates 
longitudinal movement of the open end of the capillary 
relative to the housing base 6. 

The housing 6 has, adjacent to the capillary- shaped 
exit aperture 4, a passage aperture 8, through which a 
suction line 9 projects into the interior of the hous- 
ing 6. The suction line 9 runs into a wash bottle 10, 
which is connected via a magnetic valve 11 to a vacuum 
line 12. 

With the magnetic valve 11 opened, a reduced pressure 
is formed in the wash bottle 10 and the suction line 9, 
causing substances 13 exiting from the exit aperture 4 
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to be sucked into the suction line 9 and collected in 
the wash bottle 10. 

In order to take a sample of the reaction products, the 
magnetic valve 11 is closed and the reduced pressure in 
the suction line 9 is thereby cancelled for a defined 
time, with the result that the substance quantity 13 
exiting from the exit aperture 4 is not sucked into the 
suction line 9, but instead exits through an outlet 
aperture 14 in the base of the housing 6 and can be 
collected in a sample container (not shown) . 

Over the duration of the switched-on or switched-off 
vacuum, the substance quantity 13 aspirated or exiting 
through the outlet aperture 14 respectively can be 
metered precisely, so that it is conceivable that the 
sampling device can also be used as metering system. 

An aperture of a compressed-air line 15 is arranged 
laterally alongside the capillary- shaped exit aperture 
4 opposite the aperture of the suction line 9. If the 
gas located in the compressed-air line is charged with 
excess pressure, the gas flows out through the aperture 
of the compressed-air line 15 and blows substances 
exiting from the exit aperture 4 in the direction of 
the aperture of the suction line 9. The aspiration of 
exiting substances into the suction line 9 is supported 
by a pressurisation generated in the compressed-air 
line 15 at the same time as the vacuum. The pressurised 
gas used is advantageously air or an inert gas for 
directed blowing-away of the exiting substances. 

It is also possible, given suitable pressurisation of 
the substances exiting from the exit aperture 4, also 
to use the device described as pressure head without 
significant modifications. 



